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Abstract
Background: Muscle ultrasonography (US) can be used to evaluate muscle quantity and quality affected by a neuromuscular dis-
ease and aging. The evaluation of muscle thickness and echo intensity using US are useful ways of estimating muscle mass and
composition. During US, diligent attention to steadying the position, orientation, and inward pressure of a transducer is required;
however, little is known about the quantitative influence of different inward pressures of the transducer on muscle thickness and
echo intensity during US.
Objectives: The purpose of this study was to quantify the changes in muscle thickness and echo intensity induced by different
inward pressures of the transducer during US.
Materials and Methods: Fifteen healthy male volunteers (mean± SD, 20.7±0.7 years old) participated in the study. Thickness and
echo intensity of the right rectus femoris muscle (RF) was measured by US in the following three conditions: inward pressures of
0.5 N, 1.0 N, and 2.0 N. A repeated-measures ANOVA was utilized to determine the influence of inward pressure on the thickness and
echo intensity of the RF.
Results: Muscle thickness was significantly decreased during increased inward pressures of the transducer among the three con-
ditions (P < 0.001). On the other hand, echo intensity from the 0.5-N to 1.0-N condition was significantly decreased (P = 0.002), and
from the 1.0-N to 2.0-N condition, it was significantly increased (P = 0.019).
Conclusions: Our results indicate that changes in muscle thickness and echo intensity are induced by different inward pressures of
the transducer during US. When using a technique that involves a handheld transducer, the examiner should attempt to maintain
consistent inward pressure of the transducer during US, to quantify the minimal change of the RF mass and composition.
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1. Background
Muscle ultrasonography (US) can be used to evaluate
the muscle quantity and quality affected by neuromuscu-
lar disorders and aging (1). Muscle thickness measured by
US is strongly correlated with site-matched skeletal mus-
cle mass measured using magnetic resonance imaging
(2, 3). Muscle composition can also be evaluated using
US, whereby enhanced echo intensity represents changes
caused by increased intramuscular fibrous and adipose tis-
sue (4, 5). Therefore, the evaluation of muscle thickness
and echo intensity using US are useful ways of estimating
muscle mass and composition.
During US, diligent attention to steadying the position,
orientation, and inward pressure of the transducer is re-
quired. Reimers et al. (6) indicated that excessive trans-
ducer pressure may produce falsely small muscle thick-
ness and falsely increased muscle echo intensity as mea-
sured by US (7, 8). However, little is known about the
quantitative influence of different inward pressures of the
transducer on the muscle thickness and echo intensity
during US. Though previous studies showed the influence
of inward pressures of the transducer on trunk muscle
thickness during US , the rectus femoris muscle (RF) is one
of the typical muscles used to evaluate muscle thickness
and echo intensity in individuals with neuromuscular dis-
orders (1).
2. Objectives
The purpose of this study was to quantify the changes
in the RF muscle thickness and echo intensity induced by
different inward pressures of the transducer during US.
3. Materials and Methods
3.1. Participants
Participants were recruited using advertisements
aimed at physiotherapy students from Kawasaki Univer-
sity of Medical Welfare. Fifteen healthy male volunteers
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were recruited. The subjects’ ages, heights, weights, and
BMI (mean ± standard deviation) were 20.7 ± 0.7 years
old, 169.2 ± 4.8 cm, 60.5 ± 8.1 kg, and 21.1 ± 2.4 kg/m2,
respectively. None had any history of limb surgery or
neuromuscular disorders. The ethics committee of the
Kawasaki University of Medical Welfare approved the
protocol for this study. Written informed consent was
obtained, and the rights of the subjects were protected.
3.2. Procedure
One investigator was responsible for collecting US
data. The investigator had five years of experience in mus-
cle US. B-mode ultrasound (Aloka, SSD-3500SX; Aloka co.
Ltd. Tokyo, Japan) with a 10-MHz linear transducer was
used to measure US of the RF. The equipment settings in-
cluded gain (49 dB), dynamic range (56 dB), and time gain
compensation in the neutral position, and these parame-
ters were maintained for all measurements. The depth set-
ting was fixed at 5 cm. A custom-made holder was used
to enable hands-free application of the ultrasound trans-
ducer, which could maintain inward pressures of approxi-
mately 0.5 N, 1.0 N, and 2.0 N and the use of three constant-
force springs (CR-1; CR-2; CR-3, Accurate Co. Ltd., Tokyo,
Japan) (Figure 1) (7). The participants were positioned in a
left side-lying posture with both hips positioned at 90° flex-
ion and both knees positioned at 90° flexion. The height
of towels between the knees was adjusted to attain both
hips’ position of 0° abduction. Gel was interposed be-
tween the transducer and skin; the transducer was then
placed transversely on the anterior of the right RF at 60% of
the distance from the greater trochanter to the lateral epi-
condyle of the femur (Figure 1) (9). To avoid refraction ar-
tifacts and the deflection phenomenon, imaging was per-
formed with the transducer in short-axis with respect to
the RF (6). The transducer was tilted so as to image clearly
the epimysium of the RF. Furthermore, the location of the
transducer holder was fixed. After fixation, we could there-
fore repeat testing under different inward pressures us-
ing the same position and orientation of the transducer
holder. One set of the three conditions, 0.5 N, 1.0 N, and 2.0
N, were performed in random order. Data were collected
twice to examine the reliability of the measured values. Be-
tween the two sets, the participant was instructed to stand
up and then reposition himself in the side-lying posture.
The resulting pictures were stored as JPEG files and had a
resolution of 640 × 480 pixels (Figure 2). The anterior-
posterior muscle thickness of the RF (mm) was measured
as the length between the superficial and deep epimysium
of the RF using Image-J (National Institute of Health, USA,
version 1.45). Echo intensity was determined via gray-scale
analysis using the standard histogram function in Image-J.
A region of interest was drawn by hand to include as much
of the RF as possible without any surrounding fascia. The
echo intensity in the region of interest was expressed in
values between 0 and 256 (0: black; 256: white). The same
investigator made all measurements of muscle thickness
and echo intensity. We took the average of the two muscle
thickness and echo intensity measurements for each con-
dition as a representative value.
Figure 1. Position of Transducer for Ultrasonography of the Rectus Femoris Muscle
Figure 2. Ultrasonography of the Rectus Femoris Muscle
3.3. Statistical Analysis
SPSS statistics 22.0 was used for the statistical analysis.
The reliability of the measured values of muscle thickness
2 Middle East J Rehabil Health. 2016; 3(2):e36059.
Ishida H et al.
and echo intensity of the RF were examined by calculat-
ing the intraclass correlation coefficient (ICC1, 2). The stan-
dard error of measurement (SEM = SD×√(1 – ICC)) and the
minimal detectable change for a 95% confidence interval
(MDC = SEM × √2 × 1.96) were calculated (10). One-way
repeated-measures analysis of variance (ANOVA) for each
variable was used to assess differences, and a post-hoc anal-
ysis was performed with the Bonferroni test. The level of
significance was set at P < 0.05. We also used G-Power soft-
ware (Franz Faul, Univesitat Kiel, Germany) to calculate the
post-hoc effect size and the actual power of the sample.
4. Results
The reliability of the measured values is listed in Table
1. Significant differences (ANOVA results) were observed in
all parameters (Table 2). Muscle thickness and echo inten-
sity of the RF are listed in Table 2. Significant differences
of mean values between data gathered using Bonferroni’s
test are listed in Table 3. Muscle thickness was significantly
different among the three conditions; the mean difference
in magnitude of muscle thickness between the 0.5-N and
2.0-N conditions was greater than the MDC of the 0.5-N
and 2.0-N conditions. Echo intensity of the 1.0-N condition
was significantly lower than that of the 0.5-N condition,
and echo intensity of the 2.0-N condition was significantly
higher than that of the 1.0-N condition. The mean differ-
ence in magnitude of echo intensity between the 0.5-N and
1.0-N conditions was smaller than the MDC of the 0.5-N and
1.0-N conditions, and the mean difference in magnitude of
echo intensity between the 1.0-N and 2.0-N conditions was
smaller than the MDC of the 1.0-N and 2.0-N conditions.
5. Discussion
To our knowledge, this is the first study to demonstrate
the changes in muscle thickness and echo intensity of the
RF induced by different inward pressures of a transducer
during US. When using a technique that involves a hand-
held transducer, the examiner should attempt to maintain
consistent inward pressure of the transducer during US to
quantify the minimal change of the RF. In this study, mus-
cle thickness was significantly decreased during increased
inward pressures of the transducer among the three con-
ditions. The differences in magnitude of muscle thickness
might be meaningful between the 0.5-N and 2.0-N condi-
tions to consider the MDC. Previous studies have shown
changes in the transverse abdominis, internal oblique, and
external oblique muscle thickness induced by different in-
ward pressures of the transducer during US (7). Their re-
sults showed that differences of mean muscle thickness
of the transverse abdominis, internal oblique, and exter-
nal oblique muscles between the 0.5-N and 2.0-N condi-
tions were -0.3, -0.6, and -1.2 mm, respectively (7). In this
study, the difference of mean muscle thickness of the RF be-
tween 0.5-N and 2.0-N conditions was -2.0 mm. The elastic-
ity of tissues between the target muscle and the transducer
might influence the pressure applied to the target muscle
during US (8), and a previous study showed that subcuta-
neous thickness at the thigh was thinner compared with
the abdomen (11). One potential cause of these higher ob-
served changes in the RF versus the abdominal muscles
is a thinner layer of subcutaneous tissue between the RF
and the transducer, compared with that of the abdominal
muscles. Accordingly, the RF was sensitive to pressure, be-
cause there was reaction force from the femoral bone un-
der the vastus intermedius. The elasticity of tissues under
the target muscle might influence pressure on the target
muscle during US (8); therefore, maintaining consistent
transducer-induced inward pressure is required to clarify
the minimal changes of muscle thickness induced by neu-
romuscular disease and aging in the RF.
On the other hand, echo intensity from the 0.5-N to
1.0-N condition was significantly decreased, and that from
1.0-N to 2.0-N condition was significantly increased in this
study. These were major findings of this study. Previ-
ous studies have demonstrated that compression was ob-
served to cause a flattening of muscle fiber cross-sections,
aligning them at 90 degrees to the direction in which
the deformation was applied (12). Skeletal muscle is com-
posed of about 70 - 80% water, 3% fat, and 10% collagen
(13), so muscle tissue might be considered as made of
fluid-filled fiber fascicles surrounded by connective tissue,
which constrains the flow of fluid, and the movement of
the fluid component appears to be easier along the direc-
tion of the fibers than across their direction (14). When
compression takes place in the cross-fiber direction, the
fluid is free to rearrange itself, whereas during compres-
sion in the fiber direction, the fluid is further constrained
by the endomysium and perimysium layer (14). In this
study, the transducer was tilted and positioned to image
clearly the epimysium of the RF before the measurements.
However, it was impossible to position the transducer ex-
actly at perpendicular to the longitudinal axis of all per-
imysium and endomysium of the RF. Therefore, light in-
creased inward pressure of the transducer from the 0.5-N
to 1.0-N condition might contribute to aligning the mus-
cle fiber direction at 90 degrees to the direction in which
the inward pressure was applied, and further increased
inward pressure of the transducer from the 1.0-N to 2.0-
N condition might contribute to flattening the muscle
fibers’ cross-sections. The ultrasound image is created be-
cause of acoustic interfacing, wherein sound waves are
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Table 1. Reliability of Measured Values
ICC (1,2) 95 % CI SEM MDC
Muscle thickness
0.5 N 0.98 (0.94 - 0.99) 0.6a 1.6a
1.0 N 0.98 (0.95 - 0.99) 0.5a 1.5a
2.0 N 0.97 (0.93 - 0.99) 0.6a 1.8a
Echo intensity
0.5 N 0.90 (0.71 - 0.97) 2.9 8.0
1.0 N 0.93 (0.81 - 0.98) 2.3 6.5
2.0 N 0.94 (0.83 - 0.98) 2.2 6.1
Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficients; MDC, minimal detectable change; SEM, standard error of measurement.
aData are expressed in mm.
Table 2. Thicknesses (mm) and Echo Intensity of the Rectus Femoris Muscle
0.5 Na 1.0 Na 2.0 Na P Valueb Effect Size Power
Muscle thickness 25.3± 4.0 24.7± 3.9 23.4± 4.1 < 0.001 4.15 1
Echo intensity 52.0± 8.9 49.6± 8.6 51.8± 9.4 0.001 0.81 1
aValues are expressed as mean± SD.
bANOVA.
Table 3. Significant Differences of Mean Values Between Data, Using Bonferroni’s Test
Muscle Thickness Echo Intensity
Differencea P Value Difference P Value
0.5 N vs.
1.0 N -0.6 < 0.001 -2.4 0.002
2.0 N -2.0 < 0.001 -0.2 1
1.0 N vs.
0.5 N 0.6 < 0.001 2.4 0.002
2.0 N -1.3 < 0.001 2.2 0.019
2.0 N vs.
0.5 N 1.9 < 0.001 0.2 1
1.0 N 1.3 < 0.001 -2.2 0.019
aData are expressed in mm.
reflected upon encountering a tissue of a different den-
sity. Perimysium and endomysium have different acous-
tical impedances, thereby aligning longitudinal muscle
fascia direction at 90 degrees to the direction of ultra-
sound beam in the muscle, which might give the muscle
a more hypoechoic appearance during inward pressure of
the transducer from the 0.5-N to 1.0-N condition in this
study. The amount of returning echoes per area deter-
mines the gray value of the image, therefore a flattening
of muscle fibers’ cross-sections might give the muscle a
more hyperechoic appearance during inward pressure of
the transducer from the 1.0-N to 2.0-N condition. However,
the differences in magnitude of echo intensity might be
meaningless to consider the MDC.
This study had some limitations. The same investiga-
tor should not make all measurements of muscle thickness
and echo intensity for blinding during the data collection.
The direction and angle of the transducer are common
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variables related to margins of error in US procedures, and
that should have been accounted for in the measurements
taken in this study. Accordingly, muscle fiber directions are
different among the muscles. Further study in several mus-
cles is needed to determine the influence of different in-
ward pressures of a transducer on muscle thickness and
echo intensity. Another limitation of this study was the
fact that only young males were recruited as subjects. The
influence of gender on the influence of different inward
pressures of the transducer on muscle thickness and echo
intensity remains unknown. As part of the normative ag-
ing process, there is a decline in muscle thickness and an
incline in echo intensity of the RF (1). Further study of a
larger sample, including other age groups, is needed to de-
termine the changes in muscle thickness and echo inten-
sity induced by different inward pressures of a transducer
during US.
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